DNA replication and nuclear organization: prospects for a soluble in vitro system.
The role of nuclear structure in the replication of eukaryotic DNA has been the subject of debate for many decades. The recent demonstration that once-per-cell-cycle replication can take place in vitro without a nucleus, providing sufficiently high concentrations of replication factors are supplied, suggests that one role of the nucleus is to concentrate essential factors. This important finding has paved the way for the establishment of a purified biochemical system for replication of eukaryotic DNA. However, this soluble system, derived from Xenopus egg extracts, initiates replication within any DNA sequence and does not recapitulate the spatial and temporal regulation of DNA replication that is observed in most cells. In both Xenopus and Drosophila embryos, site-specific initiation of replication is not observed until after nuclei become transcriptionally active at the blastula stage of development. Furthermore, programmed changes in both the locations of origins and the time during S-phase at which sequences are replicated accompany key stages of metazoan development. Recent findings indicate that these changes correlate with changes in nuclear organization and that the spatial and temporal program for replication is established early in G1-phase when nuclei are structurally and functionally reorganized after mitosis.